To assess health-care utilization and risk of respiratory morbidities in preterm infants with bronchopulmonary dysplasia (BPD) and pulmonary hypertension (PH). STUDY DESIGN: Retrospective data were obtained from subjects (n ¼ 109) attending a BPD clinic. Subjects were stratified by the presence or absence of PH before and after 2 months of age. Analytic methods included t-tests, w 2 tests and regression. RESULT: Subjects with BPD and PH present after 2 months of age were hospitalized for 2.2 months longer than those without PH (P ¼ 0.02). These subjects were 4.5 times more likely to receive home supplemental oxygen or mechanical ventilation (P ¼ 0.03). No difference in the risk of respiratory morbidities after initial hospital discharge was seen with PH. CONCLUSION: PH in preterm infants is associated with longer initial hospitalizations and a higher likelihood of requiring home respiratory support. This has implications for counseling families and reducing the medical, psychosocial, and economic burden of BPD and PH. (2013) Keywords: bronchopulmonary dysplasia; chronic lung disease; prematurity; pulmonary hypertension INTRODUCTION Bronchopulmonary dysplasia (BPD) continues to cause significant morbidity and mortality in preterm infants, despite advances in medical management, including surfactant administration and gentler ventilation strategies.
INTRODUCTION
Bronchopulmonary dysplasia (BPD) continues to cause significant morbidity and mortality in preterm infants, despite advances in medical management, including surfactant administration and gentler ventilation strategies. [1] [2] [3] These infants are also at increased risk of cardiovascular sequelae of prematurity, including pulmonary hypertension (PH) as PH is often associated with severe BPD. Data from a multicenter, international (the tracking outcomes and practice in pediatric pulmonary hypertension (TOPP)) registry of PH patients show that BPD is the leading cause of respiratory diseaserelated PH. 4 Recently, several retrospective studies have reported the incidence of PH in patients with BPD to range between 17 and 43%. [5] [6] [7] [8] The only published prospective study showed that 18% of extremely low birth weight infants developed PH, with 6% identified on early screening echocardiograms at 4 weeks of age and another 12% not diagnosed until 3 to 4 months of life. 9 Although PH is also associated with a high risk of mortality in preterm infants with BPD, ranging between 14 and 38% in retrospective studies, [5] [6] [7] [8] 10 and 12% in a prospective study, 9 it is unclear what the impact of PH is on other outcomes, both clinical and economic. 11 Understanding the true impact of PH on preterm infants is essential in directing resources to prevention and treatment strategies, which in turn will reduce mortality, morbidity and health-care expenditures. To examine health-care utilization patterns and respiratory morbidities imposed by PH in this fragile population, we undertook a retrospective study of patients presenting to an outpatient BPD clinic. In contrast to previous studies of PH in preterm infants recruited in the neonatal intensive care unit (NICU), some without BPD, our study focused on studying NICU survivors with BPD.
We hypothesized that PH in preterm infants with BPD was associated with longer initial hospitalizations and a higher rate of respiratory support in the home setting after correction for gestational age. As PH is also associated with infants who were born small for gestational age, 5, 7, 9 we also hypothesized that infants with PH were more likely to receive gastrostomy tubes for nutritional support. Finally, we examined the risk of respiratory morbidities in the outpatient setting associated with BPD and PH, which has not been studied in the preterm population to our knowledge.
METHODS

Study sample
determined using residential address and 2000 US Census data on the census tract level.
Definitions of PH
Patients had echocardiograms ordered according to clinical need by inpatient or outpatient physician judgment (that is, to evaluate for cardiac disease in the presence of persistent oxygen requirement, presence of murmur or other clinical indication), not for PH screening purposes. PH on echocardiogram was defined by elevated right ventricular pressure as estimated by tricuspid regurgitation jet or patent ductus arteriosus gradient; if these measures were not available, PH was diagnosed by interventricular septal position. All echocardiograms were reviewed by a board-certified pediatric cardiologist. The study sample was stratified into three groups: (i) subjects with negative echocardiograms for PH (n ¼ 43); (ii) subjects with positive echocardiograms for PH before 2 months of age, but not subsequently (n ¼ 47); (iii) subjects with positive echocardiograms for PH after 2 months of age (n ¼ 19; Table 1 ). This stratification was designed to distinguish cases of persistent PH of the newborn and PH because of early patent ductus arteriosus from cases of PH that persist well into infancy.
Outcome ascertainment
Presence of respiratory support (that is, home supplemental oxygen and/or home mechanical ventilation) and the presence of a gastrostomy tube were determined at the time of the first BPD clinic visit. Length of initial hospitalization was calculated in months from date of birth to date of initial discharge from the NICU or sub-acute facility to home for the first time. Questionnaires asked whether subjects had visited the emergency department or been hospitalized for breathing problems. Questionnaires also asked whether subjects had trouble breathing in the past week or whether breathing problems limited playtime activities or going outdoors. Responses to these questions included 0 days, 1 to 3 days or 4 or more days in the past week; for analysis, these responses were coded as ever having reported trouble breathing or ever having reported activity limitation on any questionnaire. Only questionnaires obtained within 2 years of initial hospital discharge were utilized, which limited assessment of these outcomes to 84 subjects out of 109.
Statistical analysis
Differences in baseline characteristics and clinical outcomes were compared using t-tests and analysis of variance for continuous variables and Pearson's w 2 for categorical variables (Supplementary Table 1 and  Table 1 ). Logistic and linear regression were used to determine the additional length of stay or risk of the need for home respiratory support/ gastrostomy tube in association with PH. These regressions were adjusted for gestational age in weeks (Tables 2 and 3) . Generalized estimating equations regression methodology clustered by subject was used to determine the risk for the questionnaire-based outcomes (for example, emergency department visits) to account for subjects who completed multiple questionnaires at separate clinic visits (Table 4) . 13 These regressions were adjusted for gestational age and the age in months at which the form was completed. P-values of o0.05 were considered statistically significant. All analyses were performed using Stata IC 11.0 (StataCorp LP, College Station, TX, USA).
RESULTS
Demographics
In all, 109 subjects had echocardiographic data for analysis. A total of 420 echocardiograms were reviewed and 58 (14%) of these had a tricuspid regurgitant jet velocity that could be quantified to determine PH status; the remainder were determined by patent ductus arteriosus gradient or interventricular septal position. No differences in gestational age, birth weight (in grams or percentile), sex or race/ethnicity were noted between included and excluded subjects (Supplementary Table 1 ). Included subjects were older than their excluded counterparts at the time of initial Health-care use and morbidities in pulmonary hypertension BD Stuart et al discharge (5.0 ± 3.0 vs 3.7 ± 2.4 months; Po0.01). Included subjects were also more likely to receive supplemental oxygen and/or mechanical ventilation at home (47%) than excluded individuals (33%; P ¼ 0.03). Included subjects were more likely to have gastrostomy tubes (30%) than those excluded (12%; Po0.01). Socioeconomic characteristics, including public insurance status, household income, and caregiver education level were not different between the two groups. For comparison of demographic characteristics and analysis of outcomes, subjects were stratified into three groups: those with BPD with no PH, those with BPD and PH present to 2 months of age, but not subsequently, and those with BPD and PH that persisted after 2 months of age (Table 1) . Subjects with PH that persisted after 2 months of age were born at earlier gestational ages (25.2±1.5 weeks) than those with PH that resolved before 2 months of age (26.1 ± 1.9) or those without PH (26.8 ± 2.4; P ¼ 0.01). No other demographic or socioeconomic differences were noted among the three groups, including birth weight percentile (P ¼ 0.08).
PH and the receipt of respiratory support at home Subjects with PH that persisted after 2 months of age were more likely to receive respiratory support at home (79%) than those In this regression, the co-efficient for GT (gastrostomy tube) placement is an additional 3.7 months (Po0.001) and the co-efficient for respiratory support is an additional 0.4 months (P ¼ 0.62). Bold values are significant values. Odds ratios are for given outcome in a group compared with the reference group without pulmonary hypertension. GEE methodology was used for all logistic regressions with clustering by individual to account for multiple questionnaires completed on different outpatient visits. Adjusted regressions were adjusted for gestational age and age in months at the time of questionnaire completion.
Health-care use and morbidities in pulmonary hypertension BD Stuart et al with PH that resolved before 2 months of age (40%) or those without PH (40%; P ¼ 0.01; Table 1 ). This difference persisted after adjustment for gestational age using logistic regression as those with BPD and PH that persisted after 2 months of age were 4.5 times more likely to receive supplemental oxygen or mechanical ventilation than those with BPD alone (P ¼ 0.03; Table 2 ). Similar analyses of subjects with BPD and PH present only before 2 months of age showed no difference between this group and those with BPD alone.
PH and gastrostomy tube placement Although subjects with PH that persisted after 2 months of age did have higher rates of gastrostomy tube placement than other subjects (Table 1) , this observation was not statistically significant after adjusting for gestational age (P ¼ 0.11; Table 2 ). Interestingly, we observed that being small for gestational age (p10th percentile for birth weight) was strongly associated with subsequent gastrostomy tube placement (adjusted odds ratio: 7.0; P ¼ 0.03) in infants with BPD alone, but not in either group of subjects with PH (Supplementary Table 2 ).
PH and length of initial hospitalization
We observed that subjects with PH that persisted after 2 months of age had longer initial hospitalizations (6.9 ± 3.5 months) than those with PH that resolved before 2 months of age (4.6±2.6) or those without PH (4.5 ± 2.9; P ¼ 0.01; Table 1 ). After adjusting for gestational age, subjects with BPD and PH that persisted after 2 months of age were hospitalized for 2.2 months longer than subjects with BPD alone (P ¼ 0.02; Table 3 ). As initiating respiratory support for the home setting and placement of gastrostomy tubes may be potential confounders in this analysis, we also adjusted for respiratory support and gastrostomy tube placement, and found that subjects with BPD and PH that persisted after 2 months of age were hospitalized for only 1.2 months longer than subjects with BPD alone, which was not statistically significant (P ¼ 0.11). It should be noted that gastrostomy tube placement was associated with an additional 3.7 months of stay (Po0.01), but no significant differences were seen with respiratory support initiation (0.4 months; P ¼ 0.62) nor was there any interaction between PH and gastrostomy tube placement (1.0 months; P ¼ 0.51). Finally, the presence of PH before 2 months of age did not predict a longer length of stay.
PH is not associated with an increased risk of respiratory morbidities after discharge from the hospital To examine the relationship between PH and respiratory morbidities, we performed logistic regression analyses to compare subjects with BPD alone to subjects with BPD and PH before 2 months of age only and those with BPD and PH that persisted after 2 months of age (Table 4) . Analyses were performed using data collected at multiple timepoints for each individual, thus generalized estimating equation methodology was used to adjust for sampling from the same individual on more than one occasion. In addition, we also adjusted for gestational age and age at the time of morbidity ascertainment. For each clinical outcome (emergency department visits, hospital readmission, respiratory symptoms and activity limitations), no significant increase in risk was noted in either of the groups with PH.
DISCUSSION
In this study, we evaluated preterm infants presenting to an outpatient BPD clinic to determine if the presence of PH complicating BPD would affect clinical outcomes. In contrast to other published reports, [5] [6] [7] [8] [9] [10] this design selected for patients who were older, who were all diagnosed with BPD, and who had survived beyond the initial vulnerable period supported in the NICU. Our data demonstrate that BPD and PH that persists after 2 months of age is associated with increased health-care utilization, but not necessarily with respiratory morbidities after discharge from the NICU.
In terms of respiratory support, several NICU-based studies have documented longer duration of supplemental oxygen use 5, 6 or higher frequency of use at 36 weeks post-menstrual age. 5, 9 We found that higher rates of respiratory support, primarily supplemental oxygen use, persist after discharge and well into the first year of life as infants with PH that persisted after 2 months of age were 4.5 times more likely to be on oxygen at their first clinic BPD visit compared with infants with BPD alone. It should be noted that oxygen use was ascertained at similar ages in both groups (B8 months of age). Our data did not include indications for initiating oxygen therapy, thus we cannot ascertain whether the increased use of supplemental oxygen in the home setting for infants with PH that persists beyond 2 months of age reflects therapy for more severe BPD or its use as a pulmonary vasodilator therapy. Future research is needed to determine optimal oxygen weaning strategies given recommendations in the literature suggesting oxygen saturations should be maintained at X95% in patients with PH. 7, [14] [15] [16] [17] In any case, it does not appear that initiation of respiratory support impacts length of initial hospitalization in our regression analyses.
Our data also suggest a complex relationship between PH, gastrostomy tubes and length of initial hospitalization. PH that persisted after 2 months of age was associated with a 2.2 month longer length of stay in regression analyses, but this difference decreased to a nonsignificant difference of 1.2 months after adjustment for gastrostomy tube placement. Given that gastrostomy tube placement was more common in these infants (58%) compared those infants with BPD alone (28%) and that gastrostomy tube placement was associated with a 3.7 month longer length of stay, this would suggest that gastrostomy tube placement was a reason why infants with PH that persists after 2 months of age had longer lengths of stay. The nonsignificant interaction term for PH and gastrostomy tube placement in our regression analyses may suggest that surgery was not delayed and/or recovery times were not prolonged as a function of having PH, although anesthesia in infants and children with PH is associated with a higher risk of complications and mortality. 18, 19 We did find that while being small-for-gestational-age was associated with gastrostomy tube placement in infants without PH, this was not the case for infants with PH, suggesting that infants with PH may receive gastrostomy tubes frequently for indications not necessarily associated with nutritional status such as aspiration or respiratory insufficiency with feeding. In future research, it may be beneficial to identify earlier which patients with BPD and PH are likely to be candidates for alternate feeding mechanisms to prevent aspiration and further worsening of lung disease as well as to decrease length of stays. 20 We did not find any association between PH and respiratory morbidities occurring before 2 years of age, including emergency department visits, hospital readmissions, respiratory symptoms or activity limitations. This would suggest that PH may not impose a significant respiratory morbidity burden after discharge from the NICU. However, our data set does not include any data on length of stay for hospital readmissions or the degree of preventative outpatient care needed to minimize potential risks that could be associated with PH. Furthermore, our study sample may be more motivated to comply with recommendations given their willingness to attend a disease-specific clinic.
This study was limited by its retrospective design and by the amount of echocardiographic data available for review. Although 238 patients were recruited for participation, we were only able to utilize data on approximately 109 of these participants because of limited access to medical records (that is, if a patient had an echocardiogram at any institution not affiliated with our tertiary care center, we were not able to review it). Using solely echocardiograms to measure PH is another potential limitation of this study. Although cardiac catheterization more reliably determines the severity of PH in these patients and remains the gold standard for diagnosing PH, echocardiography can identify PH in patients with BPD in a qualitative manner and was used in this study as very few subjects in our population have undergone cardiac cathetherization. 21 In addition, as subjects were recruited retrospectively, recall bias may be present for the respiratory morbidities that were assessed by questionnaire. Finally, recruitment through a tertiary center clinic may have inadvertently selected for a control group (infants with BPD only) with more severe BPD than the preterm population as whole, which may partially explain why no difference was seen in respiratory outcomes between patients with BPD only and those with BPD and PH.
Overall, our results support previous findings that infants with PH that persists beyond 2 months of age have longer lengths of initial hospitalization and greater need for ongoing respiratory support. We did not observe any differences in clinical outcomes in infants with PH that is not seen after 2 months of age compared with those without PH, suggesting that routine echocardiographic screening before 2 months of age may not confer substantial clinical benefits. However, screening after 2 months of age may help to provide early identification of at-risk infants to provide more aggressive BPD management and earlier consideration of gastrostomy tubes to decrease utilization of health-care resources. Greater health-care utilization in patients with BPD and PH likely translates into higher health-care costs for these infants. Assuming an average daily cost of $3000 for neonatal intensive care, 22 the average increase in length of stay for infants with PH (2.2 months) results in $198,000 in additional cost, not accounting for procedures. Costs are also compounded by home therapies needed to sustain these patients, including oxygen, mechanical ventilation and home feeding equipment. Although we have only demonstrated an association between PH and length of hospital stay, we believe that earlier diagnosis and intervention may help reduce both financial and psychosocial costs incurred by hospitalizations. Additional prospective studies and protocols are needed to identify PH in patients with BPD and may facilitate earlier intervention for these vulnerable infants.
